The relationship between adherence, antiretroviral regimen, and viral load (VL) suppression was assessed through a 1 year prospective follow-up study among 1142 HIV-infected patient. Patients on antiretroviral therapy who attended to the pharmacy during a 6-month period were considered eligible. Those included in the final analysis were patients who had been taking the same antiretroviral therapy for Ն6 months since their inclusion. The cohort included patients taking first line therapy (n ϭ 243) and antiretroviral-experienced patients (n ϭ 899). Naive patients who were included had to have reached undetectable VL at enrollment. Antiretroviral-experienced patients with detectable VL determinations in the previous 6 months were excluded. Adherence was measured by means of announced pill counts and dispensation pharmacy records. Of patients, 58% were taking NNRTI, 31.4% boosted PI, and 10.6% unboosted PI-based regimens. Overall, the relative risk of virologic failure was 9.0 (95% CI 4.0-20.1) in patients with adherence 80-89.9%, 45.6 (95% CI 19.9-104.5) with adherence 70-79.9%, and 77.3 (95% CI 34.2-174.9) with adherence Ͻ70%, compared with adherence of Ն90%. The risk of virologic failure in patients with adherence Ͻ90% taking unboosted PI was 2.5 times higher than the group taking boosted PI (95% CI 1.2-5.3). There were no statistical differences in patients taking boosted PI and those who were taking NNRTI. Less than 95% of adherence is associated with high virologic success. For patients taking NNRTI-or boosted PI-based regimens with adherence rates of 80%, the failure rate is Ͻ10%. These data do not affect the goal of achieving the highest level of adherence possible.
Introduction
T HE INTRODUCTION of highly active antiretroviral therapy (HAART) in 1996 changed the clinical course of HIV, with a significant decline in morbidity and mortality. 1 Nowadays, HIV is a chronic disease, so patients have to take antiretroviral therapy for a long time with substantial adverse effects and sometimes with complex regimens. Evidence suggests that HIV-positive patients have problems taking antiretroviral medication correctly 2, 3 and nonadherence has been recognized as one of the main causes of treatment failure. Studies have also demonstrated that incomplete adherence to HAART is associated with an increase in morbidity 4 and, even, in mortality. 5 It has been well recognized that antiretroviral efficacy depends on adherence. However, it is still not clear how much adherence is enough. [6] [7] [8] [9] [10] [11] Paterson et al. 10 reported 95% of adherence to therapy as the minimum level necessary to maintain viral load suppression. However, patients included in this study were taking regimens based in unboosted protease inhibitors. Lately, other authors have reported higher viral suppression rates with adherence rates not as perfect as 95% in patients treated with more modern regimens. 9, 12 Unfortunately, taking more than 95% of the prescribed regimen is a difficult goal to achieve and maintain. Consequently it is extremely important to know the adherence cutoff values that can lead to viral failure.
In this study we investigated the adherence level to obtain viral load suppression with the current regimens.
Materials and Methods
The study was conducted in the Outpatients Pharmacy Department of an HIV/AIDS reference institution located in Barcelona. All HIV-infected patients on antiretroviral therapy who attended to the pharmacy to pick up medication during a 6-month period (from October 1, 2004 to April 1, 2005) were considered eligible for this study. Patients taking first line therapy and antiretroviral-experienced patients were included. Naive patients who were included had to have reached undetectable viral load at enrollment. Antiretroviral-experienced patients with undetectable viral load at enrollment and with no detectable determinations in the previous 6 months were included in order to avoid the bias caused by virologic failure due to resistance. Patients included in the final analysis were those who had been taking the same antiretroviral therapy for more than 6 months since the date of inclusion. Patients taking combinations that included only nucleoside reverse-transcriptase inhibitors (NRTIs) were excluded.
We collected the following baseline data: age, sex, risk factors for HIV infection, clinical data, and medication used.
Viral load and adherence were measured in each visit (usually every 4 months).
Plasma HIV-RNA copy levels were evaluated using the commercially available AMPLICOR quantitative restriction transcriptase polymerase chain reaction assay (Roche Diagnostic Systems, Branchburg, NJ) according to the manufacturer's instructions. The lower limit of detection of the assay was 200 copies/ml. Samples with less than 200 copies/ml were retested using the Ultra Direct Assay (Roche Molecular Systems, Alameda, CA) with a lower limit of quantification of 50 copies/ml.
Virologic failure was defined as two consecutives HIV RNA levels greater than 200 copies/ml.
Adherence was measured in each visit by means of announced pill counts or dispensation pharmacy records (when pill counts were not possible).
Our institution has developed a program to provide patient information about antiretroviral therapy in order to improve adherence and decrease drug errors. In this program announced pill counts are routinely used to measure adherence. Every patient initiating antiretroviral therapy is interviewed by a pharmacist after the medical visit. During this interview the pharmacist explain to the patient about the therapy and edits an individualized information leaflet. Written information includes a daily medication schedule and some information on general considerations and adverse drug reactions for every drug. After the initial meeting adherence assessments are performed after each medical visit. Medical visits usually take place every 4 months. However, visits can take place every month if the patient has medical problems or every 6 months in a few special cases. Patients have to bring their remaining pills to the pharmacy in each visit so that the pharmacist could calculate adherence. The number of missed doses is computed from the difference between the actual and expected number of pills. Nevertheless, if patients forget to bring their pills we use dispensation pharmacy records. Approximately 70% of the measures were calculated by means of pill counts and 30% by dispensation pharmacy records. There are many methods to measure adherence each with its own advantages and disadvantages. Because no perfect method has been identified, the recommendation is to use several measures in an attempt to address methodologic difficulties. We chose these two methods to measure adherence because both of them are practical, inexpensive, and sufficiently accurate to be used in a clinical routine.
Patients were classified based on defined adherence levels of Ͻ70%, 70-79.9%, 80-89.9%, and Ն90%. The often cited Paterson study categorized adherence as Ͻ70%, 70-79.9%, 80-89.9%, 90-94.9%, and Ն95%. We chose to combine the last two categories as Ն90% because we found no difference between 90-94.9% and Ն95%.
The antiretroviral regimens were classified as combinations based on nonnucleoside reverse transcriptase inhibitors (NNRTI), boosted protease inhibitors (PI), and unboosted PI.
The duration of follow-up was 1 year. For those patients who discontinued therapy before 1 year, the follow-up period was time until discontinuation (always more than 6 months).
Statistical analyses
Descriptive analysis was based on percentage and frequency for qualitative variables and standard deviation (SD) or median and interquartile range (IQR) for quantitative variables. Chi-square or Fischer's exact test was used for analyzing contingency tables. Quantitative characteristics were compared between groups using the Mann-Whitney or Kruskal-Wallis test. The correlation between two quantitative variables was analyzed by means of Spearman's coefficient (). Odds ratios (OR) and 95% confidence intervals (95% CI) of having a detectable viral load were estimated for treatment groups (PI, NNRTI, relative to boosted PI) and for adherence levels (Ͻ70, 70-79.9, 80-89.9, relative to Ն90). Multinomial logistic regression was estimated in order to determine the relative risk ratio of the adherence level (Ն90 level of reference) for treatments groups (boosted PI reference group). All tests were two sided with a confidence level set to 95%.
The analysis was performed using STATA (StataCorp. 2005. Stata Statistical Software: Release 9.2. Stata Corporation, College Station, TX).
Results

Descriptive characteristics
Initially 2011 eligible patients were included; however, 413 antiretroviral-experienced patients were excluded because they had detectable viral load (VL) determinations in the previous 6 months, 208 patients were lost of follow-up, 202 additional patients were excluded because they stopped or changed their antiretroviral combination before 6 months of follow-up, and 46 patients were excluded because they were taking combinations that included only NRTI. Finally, 1142 patients were included in this study.
The descriptive characteristics at baseline were the following: 864 (75.6%) were men; the median age was 44 years old; the route of infection was homosexual in 454 (39.8%), heterosexual in 334 (29.2%), and intravenous drug use (IVDU) in 275 (24.1%). At enrollment into the study the mean CD4 cell count was 564.9 cells/mm 3 (SD 285.8).
Only 243 (21.3%) were naive. Most patients had received various combinations. They had been under antiretroviral treatment for a mean of 85.6 months (SD 40.5). They had been receiving the latest combination for a mean of 32.4 months (SD 20.6). The most frequent regimens used were combinations based on NNRTI in 662 patients (58%), followed by boosted PI in 359 (31.4%), and finally unboosted PI in 121 (10.6%). Table 1 shows the baseline characteristics of the 1142 patients included, patients taking first line therapy and antiretroviral-experienced patients.
Variables associated with virologic failure
Over the follow-up period, mean adherence was 95.7% for those with an undetectable VL (1059 patients) and 76.3% for those with a detectable VL (83 patients) (p Ͻ 0.005).
Variables included in the analysis were sex, age, risk factor, CD4 lymphocyte count at enrollment, duration of antiretroviral therapy, duration of current antiretroviral regimen, and type of antiretroviral regimen received. However, after adjustment by logistic regression, statistically significant variables associated with virologic failure were adherence rates and antiretroviral regimen. There were no differences between the first-line and antiretroviral-experienced patients. Figure 1 represents the relationship between adherence and virologic failure in patients taking NNRTI, boosted PI, and unboosted PI.
Overall, the relative risk of virologic failure was 9.0 (95% CI 4.0-20.1) in patients with adherence 80-89.9%, 45.6 (95% CI 19.9-104.5) in patients with adherence 70-79.9%, and 77.3 (95% CI 34.2-174.9) in patients with adherence less than 70% compared with patients with adherence of 90% or greater.
In patients taking unboosted PI the relative risk of virologic failure was 26.2 (95% CI 3.0-230.7) in patients with adherence 80-89.9% and 207.5 (95% CI 16.0-2696.2) in patients with adherence 70-79.9% compared with patients with adherence of 90% or greater. There were no patients with adherence less than 70% and controlled viral load.
In patients taking boosted PI the relative risk of virologic failure was 21.5 (95% CI 2.6-174.4) in patients with adherence 80-89.9%, 124.7 (95% CI 15.1-1032.9) in patients with adherence 70-79.9%, and 212.0 (95% CI 26.4-1702.4) in patients with adherence less than 70% compared with patients with adherence of 90% or greater.
In patients taking NNRTI the relative risk of virologic failure was 4.4 (95% CI 1.4-13.3) in patients with adherence 80-89.9%, 22.4 (95%CI 7.5-66.8) in patients with adherence 70-79.9%, and 36.9 (95%CI 12.7-107.5) in patients with adherence less than 70%.
Logistic regression analyses also showed that the risk of virologic failure in patients with an adherence rate of Ͻ90 taking unboosted PI was 2.5 times higher compared to the group taking boosted PI (95% CI 1.179-5.341). There were no statistical differences in patients taking boosted PI and those who were taking NNRTI.
Variables associated with adherence
Variables identified as predictors of compliance adherence were type of antiretroviral regimen, total number of pills to be taken per day, and the number of daily doses.
Adherence depends on the regimen class. Patients who were taking NNRTI-based therapies presented better adherence levels [96.2 (90-100)] than patients taking PI-based therapies [92.6 (84.6-97.9)] (p Ͻ 0.000).
Spearman's correlation coefficient showed the relationship between adherence and the number of pills to be taken per day. As the number of pills increases the patient is less likely to take the medications as prescribed ( ϭ -0.2; p Ͻ 0.001).
No statistically significant differences in adherence were found between once daily and twice daily, but both of them had better adherence rates than three or more times a day: 94.59 (88.02-99.18) vs. 91.19 (81.04-95.41) (p Ͻ 0.000).
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FIG. 1. Adherence to antiretroviral therapy and virologic failure.
Discussion
The adherence rate was higher than expected. One possible reason is the measurement bias. It is difficult to assess medication compliance because of methodologic difficulties in measuring drug adherence.
As previously explained, we chose announced pill counts and pharmacy records to measure adherence, because both of them are practical, inexpensive, and provide quantitative data. 13 However, both can overestimate adherence when they are compared with MEMS. 14 Data from patients with low adherence are reliable but it is not possible to ensure that patients with perfect pill counts are taking the medication. In spite of this, the pill counts method has been used in clinical practice and in adherence research. 15 Although our data are measured by a combination of pill counts and pharmacy records, we believe that when taken together with the size of our sample, the data provide strong evidence. Moreover, adherence overestimation should be equivalent in patients with controlled and uncontrolled viral load.
The second possible reason for the high adherence rate is that patients were included only if they had been taking the same antiretroviral combination for 6 months and had no detectable viral load determinations in the previous 6 months. Therefore, we excluded many nonadherent patients, patients with voluntary interruptions, and patients lost to follow-up.
There are several limitations to our study. Because this is an unblinded study, patients may be inclined to dump pills, leading to social desirability bias. This bias should be comparable in both groups of patients.
Other limitation to the study that deserve to be mentioned is that differences in patient characteristics can affect antiretroviral pharmacokinetics. However, we assumed that adherence was the most important factor in determining overall drug exposure.
It is well recognized that antiretroviral efficacy depends on adherence. Nevertheless, it is still not clear how much adherence is enough. The study conducted by Paterson et al. 10 showed that patients with 95% or greater adherence had a superior virologic outcome, a greater increase in CD4 lymphocyte count, and a lower hospitalization rate than did patients with lower levels of adherence. Similarly, Low-Beer et al. 16 reported that Ն95% adherence was associated with high virologic success and that success rates drop off sharply with decreasing levels of adherence to therapy. However, patients included in these studies were taking PI regimens without boosting with ritonavir.
Lately, other authors have reported higher viral suppression with adherence rates not as high as 95%. Bangsberg 12 reported that viral suppression is common with a 54-100% mean adherence level when patients are taking NNRTI regimens. In the same way data from Maggiolo et al. 9 showed that patients who were receiving PI regimens and who had an adherence rate of up to 85% had a virologic failure rate of Ͼ20%; however, in patients who were receiving NNRTI and who had an adherence rate of Յ75%, the virologic failure rate was Ͼ10%. Our results are highly consistent with those found by Maggiolo et al. 9 and Bangsberg et al., 12 but this is the first study in which data on NNRTI, boosted PI, and unboosted PI are analyzed individually. The results of this study confirm that NNRTI-and boosted PI-based regimens lead to VL suppression with less adherence rates than the older PI-based regimens without boosting.
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The risk of virologic failure was not equally distributed between the diverse types of regimens. The risk of virologic failure in nonadherent patients was significantly higher than in those who were taking unboosted PI regimens, compared to the groups taking boosted PI or NNRTI. Patients who were taking an unboosted PI-based regimen with an adherence rate between 80 and 89.9% presented a failure rate of 24%; however, those who were taking boosted PI or NNRTI with the same adherence level presented failure rates in only less than 10%. There were no statistical differences in patients taking boosted PI and those who were taking NNRTI.
Summarizing, moderate levels of adherence led to higher rates of viral suppression in NNRTI or boosted PI-treated patients compared to patients treated with unboosted PI. In this study we did not measure resistance but it is important to take into account the results published by other authors. Bangsberg et al. 8 reported that while use of an NNRTI can lead to a greater proportion of individuals with viral suppression, the majority of NNRTI-treated individuals with levels of adherence too low for viral suppression developed resistance. In contrast, few individuals on a single PI therapy with low to moderate levels of adherence developed PI resistance. It is apparent that patients with low levels of adherence to NNRTI therapy are at a high risk for resistance, creating a precarious balance between viral suppression and drug resistance.
Regimen class was also associated with adherence. Patients who were taking NNRTI-based therapies presented better adherence levels than patients taking PI-based therapies. It could be due to the fact that patients in treatment with PI therapies were taking more pills daily than patients taking NNRTI therapies. Another cause could be that PI regimens usually have more adverse effects than NNRTI regimens and can influence adherence. 17 Other parameters significantly correlated with adherence rate were total number of pills to be taken per day and the number of daily doses. As the number of pills increases the patient is less likely to take the medications as prescribed. However, we did not find a specific number that would tip the balance toward nonadherence. With fewer pills, adherence is higher and more homogeneous and with more pills adherence is lower and more erratic. With reference to the number of daily doses, no statistically significant differences in adherence were found between once daily and twice daily, but both of them had better adherence rates than three or more times a day. It is still not clear if once vs. twice has any advantages. Some studies have found statistically significant differences 9,18 between them but not others. 19 Moreover, patients who do not take one dose in the one daily dose regimen may be at higher risk for low drug levels than those who take treatment two or more times a day. Patients prefer once daily doses 20 but the benefit is not clear.
Unfortunately, for many patients adherence can be difficult. HIV-positive patients have to take antiretroviral therapy for a long time with considerable adverse effects and sometimes with complex regimens. It is extremely important to evaluate adherence regularly, as well as to assess potential barriers that can affect long-term adherence. Barriers can be grouped into three categories: related to the patient (stress, depression, drug or alcohol addiction, lack of support from family and friends, social stigma, and so on), the health care system (relationship between patient and provider, availability, and so on), and the regimen (complexity, adverse effects and so on). 21 Because there are many factors that can affect adherence, it is necessary to obtain the participation of a multidisciplinary care team of to ensure long-term adherence.
In summary, our data show that virologic success is possible with less than 95% adherence. The adherence cutoff value depends on the type of HAART. For patients taking NNRTI-or boosted PI-based regimens with adherence rates of 80%, the failure rate is less than 10%. These data do not affect the goal of achieving the highest level of adherence possible.
Disclosure Statement
No competing financial interests exist.
